Abstract-Being equipped with appropriate multimedia sensor nodes, DMSNs can enable detection of object, temperature and identification of the location of fire attack in the forest. Sensor nodes deployed in forest environment enables to gather context information such as air pressure, temperature , object awareness, location of fire, fire condition (emergency level or non emergency level), and energy awareness about each node. Data aggregation plays an important role to conserve the network life of DMSN. Hence, in this paper we propose an software agent based energy efficient context aware data aggregation and dissemination in DMSN for the targeted area. The proposed model considers the context information such as temperature, air-pressure, energy, object awareness and helps in identifying the location of fire attack in the forest. Static and mobile software agents are used along with context awareness to improve the performance of the proposed scheme. To test the operation, proposed scheme is simulated using NS2. The performance of the proposed scheme is evaluated by considering some of the parameters such as energy consumption, routing overhead, rate of redundancy of data, aggregation time and rate of dissemination of data.
I. INTRODUCTION
Sensor nodes periodically sense the data from the surrounding environment, process it and transmit it to the base station or sink. Multimedia sensor networks are network of sensor nodes that are equipped with cameras (high and low resolution), microphones and scalar sensor that produces multimedia content as discussed in [1] and [2] . Data aggregation involves systematically collecting the sensed data from multiple sensors, aggregating to suppress the redundant data, and transmitting the aggregated data to the base station for further processing. The main objective of the data aggregation is to eliminate the redundant data transmission to prolong or conserve the energy of the sensor nodes in wireless sensor networks (WSNs). Hence, it is needed to combine the sensed data into high quality information and this is accomplished through data aggregation [3] , [4] and [5] . Distributed image compression is considered in [6] ,where the whole compression process of a single image was distributed among different groups of sensor nodes.
In data dissemination process, data and queries for the data are flooded in the sensor network. Data dissemination is performed in two phases. In the first phase, node broadcast periodically the interested event in terms of query throughout the distributed multimedia sensor netwoks (DMSNs). In the second phase, nodes of DMSNs, which meets the query, sends the response message (requested data) back to the requested node. In process of data dissemination, data is sent on demand. More frequently or popularly flooding protocol is used for data dissemination approach. Usage of heuristic techniques for data aggregation improves the network lifetime of DMSN. Hence, this work presents context aware data aggregation and dissemination in DMSN using software agents.
The objective of this work is to design and analyze the software agent based context aware data aggregation and dissemination in DMSNs for handling tradeoffs in data aggregation and dissemination i.e. tradeoffs between different objectives such as energy consumption, latency and data accuracy, improving quality of service of the data aggregation protocols in terms of bandwidth and end to end delay. Based on the context, sensor nodes configures, senses, and sends the aggregated context data to base station (sink node) using static and mobile agents. To minimize the redundant data transmission, aggregated data from sensor nodes is sent the to sink node.
Usage of context-aware computing in various applications helps to retrieve the information quickly. According to [7] , a system is context-aware if it uses context to facilitate the relevant information and service to the user. Context aware information gathering in WSNs needs to have suitable information and measure of the context, which used to represent the system. Context-Aware computing mainly helps to get the relevant information from the environment, which in turn saves the energy consumption. Wireless multimedia sensor networks (WMSNs) can be used for monitoring in various applications such as agriculture, disaster areas, health care, military, infrastructure, forests, animals, industrial control, etc. From recent literature it is found that WMSNs have great challenge to monitor the militant activities in the battle field. WMSNs can be used for various applications in military such as, army movement monitoring, ammunition monitoring, regulating friendly troops, etc. The sensors must be equipped with various visual aids, so that they can generate some really interesting and very useful data as discussed in [7] , [8] . Some of the related works on context aware routing in distributed sensor networks (DSNs) are presented: The work given in [9] discusses various routing protocols and routing techniques used to implement in different applications in DSN. The work given in [10] presents a data aggregated maximum lifetime routing scheme for WSNs. The work given in [11] describes that, in WSN efficiently disseminating data from a dynamic source to multiple mobile sinks is important for applications such as mobile target detection and tracking. Some of the related works are given in [12] , [13] and [14] . An efficient energy Aware Routing and Data Aggregation scheme for wireless Sensor network is discussed in [15] . In [16] , heterogeneous Lightweight Sensornets for Trusted Visual Computing framework is discussed to enhance the security and privacy in DMSN.
The contributions of the proposed scheme are as follows: (1) Context information are gathered from different context manager nodes (sensor nodes) as well as generated at sink node. (2) Forest scenario or environment is monitored using proposed method for identifying the location of fire and its impact to take up necessary actions. (3) Context manager nodes perform several tasks that aid the information processing, data gathering, data aggregation, data dissemination etc., in asynchronous fashion, (4) Based on context, low/high fire is detected, (5) Data gathering and dissemination are achieved from active sensor nodes, (6) Two level of data aggregation process is implemented to eliminate the redundant data more efficiently: local aggregation (context manager nodes) and master aggregation(sink node), (7) Based on the context, emergency level is detected and data is disseminated to target area using static and mobile agents.
The rest of the paper is organized as follows. Proposed context aware data aggregation and data dissemination model for DMSN is given in section II. Agent interactions are discussed in section III. Simulation results are analyzed in section IV. Finally, section V concludes the paper.
II. CONTEXT AWARE DATA AGGREGATION AND

DISSEMINATION
This section provides the preliminaries, network environment, and complete description of the proposed work.
A. Network environment
Network environment is shown in figure 1 . It comprises of heterogeneous sensor nodes and a sink node. Sensor nodes are geographically distributed over the network area, which collects the data periodically. Sensor node comprises of camera, light, temperature, humidity sensing capability etc.
The nodes sense data and send the sensed information to the sink node using wireless multihop communication. We assume that all the nodes in the network (sensor nodes and sink node) are static and have some initial energy. During deployment phase, all senor nodes have same energy. It is assumed that sensor nodes have capability to reconfigure the transmission power. All the sensor nodes are equipped with Global Positioning System (GPS), processor and transceiver for communication. Each sensor node communicates with neighboring sensor nodes within its communication range. 
B. Proposed work
In the proposed work, context aware data aggregation and dissemination method for monitoring forest fire scenario is considered. To deploy the number of sensor nodes randomly in DMSN environment, the network is divided in to number of zones namely,
. Four types of contexts are defined in the proposed work namely temperature aware context, air pressure aware context, energy aware context and object aware context. Each zone consists of four context managing sensor nodes. They are: Temperature Context Manager Node (TCMN), Energy Context Manager Node (ECMN), Object-aware Context Manager Node (OCMN), and Air-pressure Context Manager Node (ACMN). These manager nodes collect relative information from the respective zone for efficient data aggregation and dissemination process. This section presents system model, functioning schemes for data aggregation and data dissemination.
1) System Model: The Figure 2 shows the system model for the proposed work. The proposed system model consists of set of distributed sensor nodes that are deployed randomly with multimedia sensing capabilities and sink node in DMSN. The network is divided in to number of zones based on the entire geographical area of the forest. Each zone comprises of set of context manager modules namely TCMN, ECMN, ACMN, and OCMN, which are described as below: TCMN: It collects the temperature of zone by using its sensor nodes. TCMN aggregates the data. ECMN: It collects energy information of each node of its zone. ECMN maintains the information of energy level of each node. OCMN: It collects the information of objects in the zone. There may be objects in the particular zone or may not be any object. ACMN: It collects the air pressure information in the zone by the sensor nodes. Air pressure differs in every fraction of second, this random information is maintained by ACMN.
The operation sequence of proposed system model is as follows: (1) Multimedia sensor nodes are deployed randomly for detecting and monitoring forest fire, (2)These sensor nodes communicate amongst themselves and establishes distributed multimedia sensor network environment, (3) Further the environment is divided into number of zones, (4) Context manager nodes are elected in each zone that are used for monitoring the zones ,(5) Two levels of aggregations are considered to take place, one is aggregation at each context manager nodes (local aggregation) and another is aggregation at the sink node level (master aggregation),(6) sink node takes action upon receiving the information from context manager nodes for data dissemination using software agents, (7) Master aggregator analyzes the data, and based on the values, it decides whether the context is in emergency level or non-emergency level. 
2) Data Aggregation for the proposed scheme:
Aggregation of multimedia data can be achieved by dividing the data based on their features. These features are then compared and the union of most significant features of all the data of different sensor nodes at the concerned context manager node is considered for data aggregation as given below.
Let 'ρ' is the data aggregation factor at context manager nodes in each zone, 'δ' is the resultant aggregation factor in each zone is as follows:
The master aggregation at the sink node, 'δ' is the resultant master aggregate factor. 'ρ' is the aggregation factor for the zone data is computed by using equation 1. Thereby, the sink node decides the emergency or non emergency level of context in DMSN.
Then, 
Where, σ is the air density, 'p' is the absolute pressure, R specif ic is the specific constant, and 'T' is the temperature. Therefore, AP ∝ T. If the sink decides emergency level, then sink node sends the data to the targeted zone by using Tabu Search (TS) algorithm. TS algorithm is a meta-heuristic that guides a local search procedure to explore the solution space beyond local optimality. One of the major components of TS is its use of adaptive memory, which creates more flexible search behavior. The basic idea behind TS is that, adding short term memory to local search, improves its ability to locate optimal solutions.
The steps followed in TS approach are as follows: Step1: Generate the number of neighbouring solutions. Step2: Find the best neighbouring solution Step3: Check the accessible solutions: If the solution is acceptable then replace with the current solution. If the solution is not acceptable then select second best of the solution.
Step4: Repeatedly evaluate the step 3.
III. AGENT INTERACTIONS
In this section, Local Aggregation Agency in context manager nodes and Master Aggregation Agency in sink node are discussed. Agents are software programs which can be employed to prolong the network life time by identifying the redundancy in information and enable data aggregation. Agents can be static or mobile.
A. Master Aggregation Agency
The sink node is enabled with master aggregation agency which consists of Master Knowledge Base (MKB), Master Manager Agent (MMA), Master Aggregation Agent (MAA) and Master Traversal Agent (MTA) as shown in figure 3 .
MKB: This knowledge base can be read and updated by MMA. It stores the information about itself along with TCMN, ECMN, ACMN, OCMN and zone head. The information like node id, signal strength, battery left, GPS location information, previous sensed data and status are stored in it.
MMA: This is a static agent, which generates MKB, MTA and MAA. The main function of MMA is that it manages the whole sensor activity. MMA monitors and updates MKB continuously.
MTA: This is a mobile agent, which travels around the DMSN. The main task of MTA is that it collects the information from MKB and send it to all the zone heads in the DMSN. The zone head consist of the aggregated data of different context manager nodes which is communicated to MMA of sink node by MTA.
MAA: This is a static agent, it consists of aggregated data of air pressure, temperature, energy of nodes and object tracked information from all the zone heads. 
B. Local Aggregation Agency
The sensor node is enabled with agency consist of Local Knowledge Base (LKB), Local Manager Agent (NMA) and Local Aggregation Agent (LAA) as shown in figure 4 .
LKB: This knowledge base is read and updated by NMA. It comprises of information like node id, location, node status and node energy LMA: This is a static agent, which generates LKB, LTA and LAA. The main function of LMA is that manages the whole context manager node activity. LMA monitors and updates LKB continuously.
LAA: This is a mobile agent which is initiated by LMA that roams in its zone by aggregating the context based data. 
C. Sensor Node Agency
The sensor node agency consists of Node Knowledge Base (NKB), Node Manager Agent (NMA) and Data Acquisition Agent (DAA).
NKB: This knowledge base is read and updated by NMA. It comprises of information like node id, location, neighbour list, node status and node energy NMA: This is a static agent, which generates NKB, NTA and DAA. The main function of NMA is that it manages the whole sensor activity. NMA monitors and updates NKB continuously.
DAA: This agent is used to acquire the values of atmospheric air pressure, temperature and availability of objects in its range.
The agent interactions as as shown in Figure 5 given below. 
IV. SIMULATION
The proposed scheme has been simulated in various network scenarios. Simulations are carried out extensively with random number for 1000 iterations. This section presents the simulation model, simulation procedure, performance parameters, results and discussions.
1) Simulation Model:
The simulation model consists of 'N' number of sensor nodes deployed randomly in a distributed environment. Simulation is done for 'N' (N=100) sensor nodes used to measure the performance parameters such as energy utilization, temperature, end to end delay, percentage of data aggregation, dissemination, routing over head and redundancy in aggregation.
2) Simulation Procedure: To illustrate some of the results of simulation, the following variables are considered in the proposed research work. Initial energy of sensor node (I E ) = 20Joules, number of sensor nodes (S N )= 500, number of sink node(N S ) = 1, size of the network (l×b) = 5000 × 5000 meters, transmission range (T R ) = 200meters, energy required for sensing of data (E S ) = 50nJ/bit, energy required for transmission of data (E T ) = 50nJ/bit, transmission of data = bits/sec, threshold level energy (T HL E )= 0.05J. Figure 6 presents the energy utilization for sensor nodes in each round. As the number of rounds increases, the energy of each node decreases in DMSN. The maximum energy of each node is considered as 20J in DMSN. If the energy is less than the threshold level energy, then node is sent to sleep mode in the network. Figure 7 presents the redundancy ratio for sensor nodes in DMSN. As the number of sensor node increases in DMSN environment, the redundancy ratio increases. As compared to non context aware system, the proposed scheme performs better in redundancy ratio because number of sensor nodes are configured with temperature, air pressure, object aware and energy aware contexts in DMSN. Time taken for aggregation among the number of nodes is shown in Figure 8 . As the number of nodes increase, the the time for data aggregation also increases in DMSN. In this work, sensor nodes are configured with different contexts. Hence context used reduces the time for data aggregation since the data is gathered according to the requirements in the network although the redundancy ratio is less. Figure 9 shows the routing overhead with number of nodes. As the number of sensor nodes increase, routing overhead increases in dissemination of data because of increase in the number of nodes that creates the complexity in the network. For network with less number of nodes, the dissemination rate is high. The proposed scheme uses less number of routing overhead as compared with non context aware system. Figure 10 shows the throughput of the network. As the number of sensor nodes increase, there is gradual decrease in the throughput of the data disseminated by the sink node because of congestion in the network. The proposed scheme performs better throughput, as compared to non context aware system since all the sensor nodes are configured with different types of contexts in DMSN. 
A. Conclusion
In this work, a system model is proposed for DMSNs to gather context informations, and based on the context, data is aggregated and disseminated by using static and mobile agents. The proposed model considers the context informations such as temperature, air-pressure, energy and object awareness. The proposed model is efficient for identifying the location and emergency level of forest fire, and it is evaluated for performance parameters like aggregation time, dissemination, redundancy, routing ovehead and energy consumption. The simulation results shows that by considering context aware information along with implemention of software agent is more efficient than results without context awareness for DMSNs.
